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I. The Bakerian Lecture^ on some chemical Agencies of Electricity 4 
By Humphry Davy, Esq. F. R. S. M.R. LA. 

Read November 20, 1806. 

1. Introduction. 

1 HE chemical effects produced by electricity have been for 
some time objects of philosophical attention ; but the novelty 
of the phenomena, their want of analogy to known facts, and 
the apparent discordance of some of the results, have involved 
the enquiry in much obscurity. 

An attempt to elucidate the subject will not, I hope, be 
considered by the Society as unfitted to the design of the 
Bakerian Lecture. I shall have to detail some minute (and I 
fear tedious ) experiments ; but they were absolutely essential 
to the investigation. I shall likewise, however, be able to offer 
some illustrations of appearances which hitherto have not 
h^en fully explained, and to point out some new properties 
of one of the most powerful and general of material agents. 
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11 • On the Changes produced by Electricity in Water. 

The appearance of acid and alkaline matter in water acted 
on by a current of electricity^ at the opposite electrified me- 
tallic surfaces was observed in the first chemical experiments 
made with the column of Volta.^ 

Mr. Cruick^hank^' supposed that the acid was the nitrous^ 
acid and the alkali ammonia. M. Desormes J soon after 
attempted to show by experiments, that muriatic acid Itnd 
ammonia were the products, and M. Brugnatelli § asserted 
the formation of a new and peculiar substance, which he has 
thought proper to call the electric acid. The experiments said 
to be made in Italy, and in this country, on the production of 
muriate of soda are recent, || and the discussions with regard 
to them still alive. As early as 1800, I had found that when 
separate portions of distilled water, filling two glass tubes 
connected by moist bladders, or any moist animal or vegetable 
substances, were submitted to the electrical action of the pile 
of VoLTA by means of gold wires, a nitro-muriatiG solution 
of gold a|>peared in the tube cpntaining the positive wire, or 
the wire transmitting the electricity ,^ and a solution of soda 
in the opposite tube ;^ but I soon ascertained that the muriatic 
acid owed its appearance to the animal or vegetable matters 
employed ; for when the same fibres of cotton were made use 
of in successive experiments, and washed after every process 
in a weak solution of nitric acid, the water in the apparatus 

^Nigholson's Journal, 4to. Vol. IV. p. 183. f Ibid. Vol. IV. p. 261 • 

XAmalesde Cbimie, Tom. XXXVII. p. 233. § Phil.Mag.VoL IX. p. 181. 

II ByM. Pacchioni, and byMr. Peele. Phil. Mag. Vol. XXI. p. 279. 

f I shewed the results of the experiment to Dr. Bed does at this time; and men* 
tioned the circumstance to Sir James Hall, Mr. Clayfield, and other friends in 
1801, 
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containing them, though acted on for a great length of time 
with a very strong power, at last produced no effect upon 
solution of nitrate of silver. 

In cases when I had procured much soda, the glass at its 
point of contact with the wire seemed considerably corroded ; 
and I was confirmed in my idea of referring the production 
of the alkali principally to this source, by finding that no 
fixed saline matter could be obtained, by electrifying distilled 
water in a single agate cup from two points of platina con- 
nected with the Voltaic battery. Similar conclusions with 
regard to the appearance of the muriatic acid had been formed 
by the Galvanic Society of Paris, by Dr. Wollaston, who 
hit upon the happy expedient of connecting the tubes together 
by well washed asbestus ; and by M. M. Biot and Thenard.* 

Mr. Sylvester, however, in a Paper published in Mr. 
Nicholson's Journal for last August, states, that though no 
fixed alkali or muriatic acid appears when a single vessel is 
employed ; yet that they are both formed when two vessels 
are used. And to do away all objections with regard to 
vegetable substances or glass, he conducted his process in a 
vessel made of baked tobacco-pipe clay inserted in a crucible 
of platina. I have no doubt of the correctness of his results: 
but the conclusion appears objectionable. He conceives that 
he obtained fixed alkali, because the fluid after being heated 
and evaporated left a matter that tinged turmeric brown, 
which would have happened had it been lime, a substance 
that exists in considerable quantities in all pipe-clay ; and even 
allowing the presence of fixed alkah, the materials employed 
for the manufacture of tobacco-pipes are not at all such as 
to exclude the combinations of this substance. 

* No, XL, DuMoniteun 1806. 
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1 resumed the enquiry; I proeured small C34indrical cups 
of agate, of the capacity of about ^ of a cubic inch each. 
They were boiled for some hours in distilled water, and a 
piece of very white and transparent amianthus that had been 
treated in the same way was made to connect them together ; 
they were filled with distilled water, and exposed by means 
of two platina wires to a current of electricity, from 15a pairs 
of plates of copper and zinc 4 inches square, made active by 
means of solution of alum. After 48 hours the process was 
examined: paper tinged with litmus plunged into the tube 
containing the transmitting or positive wire was immediately 
strongly reddened. Paper coloured by turmeric introduced 
into the other tube had its colour much deepened; the acid 
matter gave a very slight degree of turbidness to solution of 
nitrate of silver. The fluid that affected turmeric retained 
this property after being strongly boiled; and it appeared 
more vivid as the quantity became reduced by evaporation; 
carbonate of ammonia was mixed with it, and the whole dried 
and exposed to a strong heat: a minute quantity of white 
matter remained, which, as far as my examination could go, 
had the properties of carbonate of soda. I compared it with 
similar minute portions of the pure carbonates of potash and 
soda. It was not so deliquescent as the former of these bodies, 
and it formed a salt with nitric acid, which like nitrate of soda 
soon attracted moisture from a damp atmosphere, and became 
fluid. 

This result was unexpected, but it was far from convincing 
me that the substances whichl had obtained were generated^ 
In a similar process, with glass tubes, carried on exactly under 
the same circumstances, and for the same time, I obtained a 
quantity of alkali which must have been more than twenty 
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times greater, but no traces of jrnuriatiG acid. There was 
much probability that the agate might contain some minute 
portion of saline matter, not easily detected by chemical 
analysis, either in combination, or intimate adhesion in its 
pores. To determine this, I repeated the experiment a second, 
a third, and a fourth time. In the second experiment turbid- 
ness was still produced by solution of nitrate of silver in the 
tube containing the acid, but it was less <iistinct ; in the third 
process it was barely perceptible: and in the fourth the two 
fluids remained perfectly clear after the mixture. The quan- 
tity of alkaline matter diminished in every operation ; and in 
the last process, though the battery had been kept in great 
activity for three days, the fluid possessed in a very slight 
degree only the power of acting on paper tinged with tur- 
meric; but its alkaline property was very sensible to litmus 
paper slightly reddened, which is a much more delicate test : 
and after evaporation and the process by carbonate of am^ 
monia, a barely perceptible quantity of fixed alkali was still 
left. The acid matter in the other tube was abundant ; its 
taste was sour; it smelt like water over which large quan- 
tities of nitrous gas have been long kept; it did not affect 
solution of muriate of barytes ; and a drop of it placed upon 
a polished plate of silver left after evaporation a black stain, 
precisely similar to that produced by extremely diluted nitrous 
acid. 

After these results, I could no longer doubt that some 
saline matter existing in the agate tubes had been the source 
of the acid matter capable of precipitating nitrate of silver, 
and of much of the alkali. Four additional repetitions of the 
process, however, convinced me that there was likewise some 
Other cause for the presence of this last substance ; for it 
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Gontinued to appear to the last^ in quantities sufficiently 
distinguishable, and apparently equal in every case. I had 
used every precaution ; I had included the tubes in glass vessels 
out of the reach of the circulating air; all the acting materials 
had been repeatedly washed with distilled water ; and no part 
of them in GontaGt with the fluid had been touched by the fingers. 

The only substance which I could now conceive capable of 
fiirnishing the fixed alkali was the ze/^fer itself^ This water 
appeared pure by the tests of nitrate of silver and muriate of 
barytes ; but potash and sodia, as is well known, rise in small 
quantities in rapid distillations ; and the New River water, 
which I made use of, contains animal and vegetable impurities, 
which it was easy to conceive might furnish neutral salts 
capable of heing carried over in vivid ebullition. 

To make the experiment in as refined a form as possible, I 
procured two hollow cones of pure gold containing about s^ 
grains of water each, they were filled with distilled water, 
connected together by a moistened piece of amianthus which 
had been used in the former experiments, and exposed to the 
action of a Voltaic battery of loo pairs of plates of copper and 
zinc of 6 inches square, in which the fluid was a solution of 
alum and diluted sulphuric acid. In ten minutes the water in 
the negative tube had gained the power of giving a slight blue 
tint to litmus paper: and the water in the positive tube 
rendered it red. The process was continued for 14 hours ; 
the acid increased in quantity during the whole time, and 
the water became at last very sour to the taste. The alkaline 
properties of the fluid in the other tube, on the contrary, re- 
mained stationary, and at the end of the time, it did not act 
upon litmus orturmeric paper more than in the first trial : the 
ffect was less vivid after it had been strongly heated for a 
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mroute ; but evaporation aiad the listial process proved that 
5omi^ fixed alkali was presents The acid, as Jar as its properties 
were ^xaminedy agreed wifh pa acid having an 

excess of nitrous gas, 

I repeated tim experiment, and carried on the process ibr 
three days ; at the end of which time the water in the tube 
was decomposed ^nd evaporated to mme than one half of its 
original gu^itity r the acid was strong, but the alkali in as 
HiiOTte ^portion as ' in the last experiment. \ It acted indeed 
rather nior^ vividly. on the tests, on {account of the greater 
diminution of .Ae fluid, but same results after 

being heated. 

It was now impossible to doubt that the water contained 
some substance In very minute quantities , capable of causing 
the appearance of fixed alkalij but which was soon exhausted j 
and the question that immediately presented itself was, Is 
this substance saline matter carried over in distillation ? or is 
k nitrogen gas which exists in minute portions in all water 
that has been exposed to air, and which, if an element of the 
fixed alkali, would under the circumstance of the experiment 
have been soon exhausted, whilst its absorption from the 
atmosphere would be impeded by the saturation of the water 
with hydrogen ? 

I was much more inclined to the former than to the latter 
supposition. I evaporated a quart of the distilled water that 
I had used, very slowly at a heat below l4o^FAHRENHEIT, 
in a silver still; a solid matter remained, equal to JL. of a 
grain; this matter had a saline but metallic taste, and was 
deliquescent when exposed to air : I could not obtain from it 
regular crystals ; it did not affect turmeric or litmus, but a part 
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^f it, after being heated red^ in a silver crucible, exhibited 
strong alkaline properties. It was not possible to mak^ a 
minute analysis of so small a quantity, but it appeared to 
me to be principally a mixture of nitrate of soda and nitrate 
of lead ; and the jtnetallic substance, it is most likely , was fur- 
nished by the condensing tube of the common still. 

The existence of saline matter in the distilled Water being 
thus distinct, it was easy to determine its operation in the ex- 
periment. I filled the two gold cones with water in the usual 
manner; that negatively electrified, soon attained the maxi- 
mum of its effect upon turmeric paper. I then introduced into 
it a very minute portion of the substance obtained by the pro- 
cess of evaporation that has been just described ; in less than 
two minutes its effects were evident ; and in five minutes the 
tint of the paper was changed to a bright brown . 

I now conceived that by coliecting the water obtained in 
the second process of slow distillation I should be able to 
carry on the experiment without a/ry appearance of fixed 
alkah, and the trial proved that I was not mistaken. 

Some of this water was introduced into the gold tubes, and 
the amianthus moistened by it. 

After two hours the water in the negative tube produced 
no effect upon turmeric paper ; it did produce an effect upon 
litmus, which it required great minuteness of observation to 
perceive ; but it wholly lost the power by being heated 
strongly for two or three minutes, so there is every reason 
for supposing that it was owing to a small quantity of 
ammonia. 

I made a similar experiment with a portion of the samet 
water in the tubes of agate that jiad been so often used, and 
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I had the pleasure of finding the results precisely the 
same. 

To detail anjr more operations of this kind will be unne- 
cessary; all the facts prove that the fixed alkali is not gene- 
rated y but evolved, either from the solid materials employed, 
or from saline matter in the water. 

I have made many experiments in vessels composed of 
different substances, with the water procured by very slow 
distillation: and in almost every instance some fixed alkali 
appeared. 

In tubes of wax the alkaline matter was a mixture of soda 
and potash; and the acid matter a mixture of sulphuric, 
muriatic, and nitric acids. 

In a tube of resin, the alkaline matter seemed to be princi- 
pally potash. 

A cube of Carrara marble of about an inch, having an aper- 
ture in its centre, was placed in a crucible of platina, which 
was filled as high as the upper surface of the cube with the 
purified water, the aperture was filled with the same fluid; 
the crucible was positively electrified by a strong Voltaic 
power, and a negatively electrified wire introduced into the 
aperture. 

The water soon gained the property of affecting the tint of 
turmeric ; and fixed alkali and lime, were both obtained from 
it: and this effect took place in repeated experiments: the fixed 
alkali, however, diminished in quantity every time ; and after 
eleven processes conducted from two to three hours each, 
disappeared altogether. The production of lime-water was 
uniform. 

I made a solution of 500 grains of this marble in nitric 

MDCCCVII. C 
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acid; I decomposed the mixture by carboiiate of ammonia, 
and I collected and evaporated the fluid part, and decom- 
posed the titrate of atmmonia by h^at. About f of a grain 
of fixed saline matter remained, which had soda for its 
base. 

It was possible that the Carrara marble might have been 
recently exposed to 3ea-water ; I therefore tried, in the same 
way, a piece of granular marble, which I had myself broken 
from a rock ^>n one x)f^he highest of the primitive mountains 
of Donegal. It afforded fixed alkali by the agency of negative 




A piece of argillaceous schist from Cornwall, treated in 
the same manner, gave the same result ; and serpentine from 
the Lizard, and grauwacke from North Wales, both afforded 
soda. It is probable that there are few stones that do not 
contain some niinute portions of saline matter, which in many 
&3^es may be mechanically diffused through their substance : 
and it is not difficult to conceive the possibility of this, when 
we consider that all our common rockis and strate bear evident 
mai^s Gif ihaving bem anciently covered by the sea, T 

I vras BOW able to determine distinctly, that the soda pro- 
cured in glass tubes came principally from the glass, as I had 




I used the two cones of gold with the purified water and 
the amianthus ; the process was conducted as usual. After 
a quarter of an hour,^ the negatively electrified tube did not 
chaoge the colour of turmeric. I intmduced into the top of 
it a bit of glass ; in a few minutes tip fluid at the surface 
rendered the tint of the paper of a deep bright brown. 

I had never made any experiments, in which acid matter 
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iiaving the properties of nitrous md was not produced,^nd 
the longer the operation the greater was the quantity that 
appeared. 

Volatile alkali likewise seemecj to be always formed in very 
minute portions, during the iirst few irainutes in the purifted 
water in the gold cones^ hut the limit to Jts^ quantity was soon 
attained. 

It was natural to account for both these appearances, front the 
combination of nascent oxygen e and hydrogene respectively; 
with thenitrogene of the common air dissolved in the water : 
and Dr. Priestcey's experiments on the absorption of gases 
by water (on this idea) would furnish an easy exjdanation of 
the causes of the constant production of the add> and^ the^ 
limited production of the alkali; for hydrogene, during its 
solution in water, seems to expel nitrogene ; whilst nitrogene 
and oxygene are capable of co-existing dissolved in that fluid.* 

To render the investigation more complete, I introduced the 

two cones of gold with purified water under the receiver of 

■ *■■.---■> 

an air pump ; the receiver was exhausted till it contained only 
■^■^ of the original quantity of air ; and then, by means of a 
convenient apparatus, the tubes were connected with aw active 
VoLTAPG pile of 50 pairs of plates of 4 inches square. The 
processs was carried on for 18 hours, when the result was 
examined. The water in the negative tubes produced no effect 
upon prepared litmus, but that in the positive tube gave it a 
barely perceptible tinge of red. 

An incomparably greater quantity of acid would have been 
formed in a similar time in the ajtmosphere, and the small 

• P R I EST L E n^s Experiments and Observations, ¥ol. I. page 59. 

C 3 
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portion of nitrogene gas remaining in contact with tlie water^ 
seemed adequate to the effect. 

I repeated the experiment under more conclusive circum- 
stances. I arranged the apparatus as before; I exhausted 
the receiver, and filled it with hydrogene gas from a conve- 
nient airholder ; I made a second exhaustion, and again intro- 
duced hydrogene that had been carefully prepared. The 
process was conducted for 24 hours, and at the end of this 
time neither of the portions of the water altered in the slightest 
degree the tint of litmus. 

It seems evident then that water, chemically pure, is de- 
composed by electricity into gaseous matter alone, into oxygene 
and hydrogene. 

The cause of its decomposition, and of the other decompo- 
sitions which have been mentioned, will be hereafter discussed. 



III. On the Agencies of Electricity in the Decomposition of 

various Compotmds, 

The experiments that have been detailed on the production 
of alkali from glass, and on the decomposition of various 
saline compounds contained in animal and vegetable sub- 
stances, offered some curious objects of fenquiry. 

It was evident, that in all changes in which acid and alkaline 
matter had been present, the acid matter collected in the water 
round the positively electrified metallic surface ; and the al- 
kaline matter round the negatively electrified metallic surface ; 
and this principle of action appeared immediately related to 
one of the first phgenomena observed in the Voltaic pile, the 
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decomposition of the muriate of soda attached to tlie paste- 
board ; and to many facts which have been since observed on 
the separation of the constituent parts of neutrosahne and 
metallic solutions, particularly those detailed by M, M. Hi- 
singer and Berzelius.* 

The first experiments that I made immediately with 
respect to this subject were on the decomposition of solid 
bodies, insoluble, or difficultly soluble in water. From the 
effects of the electrical agency on glass , I expected that various 
earthy compounds would undergo change under similar cir- 
cumstances ; and the results of the trials were decided and 
satisfactory. 

Two cups made of compact sulphate of lime, containing 
about 14 grain-measures of water each, were connected to- 
gether by fibrous sulphate of lime, which was moistened by 
pure water: the cups were filled with this fluid; platina wires 
from the Voltaic battery of 100 pairs of plates of six inches 
were introduced into them, so that the circuit of electricity was 
through the fibrous sulphate of hme. In five minutes the 
water in the cup connected with the positive wire became 
add; that in the opposite cup strongly tinged turmeric. 
After an hour the fluids were accurately examined ; when it 
was found that a pure and saturated solution of lime had been 
produced in the cup containing the negative wire, which was 
partially covered with a crust of lime ; and that the other cup 
was filled with a moderately strong solution of sulphuric acid. 

I procured two cubical pieces of erystalhzed sulphate of 
strontites, of about an inch ; a hole was drilled in each capable 
of containing about 8 grains of water: the cubes were 

* Annahs deCbimie,nCom. Jut p* i6p 
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plunged in piire water in a pliatina crucible ; and the level of 
the! fluid preserved a ft w lines below the surface of the cubes ; 
two platina wires were introduced into th6 holes, which were 
filled with purd v^^aterl 1-he disengagement of gas> When the 
wires were connected with the battery of 1 00, proved that the 
sulphate of 'strorititesi was sufficiently porous to fbriW a^oper 
conducting -chain. The results were mubh longer ih being 
obtained in this experiment than in the last: sdme time 
elapsed before a sensible elect could be perceive^ ; but the 
termination was similar. In 30 hours the fluid in the cavity 
containing themegative wire had gained the property of pre- 
cipitating solution of sulphate of potash ; and the piresence of 
sulphuric acid in the other cavity was evident from its effect 
upon solution of- muriate of barytes. 

I made an experiment upon flu^te of lime u A* like cir- 
cumsances ; but the crystallized fluate not beiiig equally 
permeable to moisture, the twoi cavities w&te connected by 
moist asbestus. This decora pG«itibn« was likewise very slow ; 
but in the course of two days a pretty strong solution of lime 
was obtained in one tube; and^an^ acid fluid in the other, 
which pf edpitated acetite of lead^ and left a Spot upon the 
glass from which it had been evaporated. 

Sulphate of barytes^ as might be supposed, proved much 
morel difficult of decomposition than either sulphate of stron- 
tites or fluate of lime. I had made four or five experiments 
upon it, with the same kind of apparatus that had been 
applied to the fluate of lime, before I was able to gain de- 
cided results. In the last process performed on this sub- 
stance, two pieces of a large single crystal were hollowed by 
grinding, so as to ■ contain about five grains of water each; 



chemical Agencies of J^ectricily . i^ 

they ware Gonriept^d Ir^ naoist asbestps^ andji oopstantly 
subjected diiririg four: days Xb the strong ^tid>i of a battery 
of i^o pairs of plates of 4 inclies square. As ibe water dimi- 
nished, its place was supplied by riewqiiaji|ities. At the eon- 
elusion of the experiment t^^^ 

apparatus instantly reddened litnras, tasted very sour, a^d 
gave a distinct pedpitat^ with a solutiofi of Rwriate of ba- 
rytes ; the water on the other side deepened the tincture of 
turmeric ; but did not render solutipn of si^ph^e (^ potash 
turbidv Thpre wa^ a small quai^tity of wl)ite eru^^ feowe vei% 
on ^ sid^s and the bottom of the cavity ,aiid I conceived 
that this might be the barytes, which, during the extremely 
slow decomposition, would have combined with the carbonic 
acid of the atmosphere. To ascertain if this had hm^ the ease, 
I introdiic^d into the cavity a drop of dilirtedf muriatic acid:; 
a sjight ef ervgscc^npe appeared^ and the fluid obtained occa- 
sioned a distinct white cloudiness in solutif n of sulphate of 
soda. 

In all t^ese cases the constituent parts of the bodies newly 
arran^d by the effects of electricity existed in considerable 
qjaantiti^s, and exposed on a, large surface, to its action. I had 
great reason to believe, however, from the trials with distilled^ 
water in diferent vessels, that very minute portions of acid 
and alkaline matter might be disengaged by this agency from^ 
solid combinations, principally consisting of the pure earths. 
This part of the investigation was easily eluddatedv 
For a purpose of geological enquiry^ which on a future 
occasion I shall have the honour of laying before the Society^ 
I had made a careful analysis of a specimen of fine grained 
basalt from Port Rush in the county of Antrim, by mean^ of 
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lijision with boracic acid : it had affbriied in loo parts $^ parts of 
soda, arid nearly fa part of muriatic acid, with 15 parts of lime. 
This Steele appeared to me very well fitted for, the purpose 
of experiment : cavities were drilled in two pieces, properly 
shaped ; they contained about is grains of water each ; they 
were connected fey moistened^ amianthus, and the process con- 
ducted as usual with a power of 50 pairs of plates. At the 
end of ten hours the result vvas examined with care. The 
fluid that had been positively electrified had the strong smell 
of oxy muriatic acid, and copiously precipitated nitrate of 
silver ; the other portion of fluid affected turmeric, and left 
by evaporation a substance which seemed to be a mixture of 
lime and soda, 

A part of a specimen of compact zeolite, from the Giant's 
Causeway, which by analysis had given 7 parts in 100 of soda, 
had a small cavity made in it; it was immerged in pure water 
in a crucible of platina, and electrified in the same manner 
as the cube of Carrara marble, mentioned in page 9. In less 
than two minutes the water in the cavity had gained the pro- 
perty of changing the colour of turmeric ; and in half an hour 
the solution was disagreeably alkaline to the taste. The 
matter dissolved proved to be soda and lime. 

Lepidolite, treated in the same way, gave potask 

A piece of vitreous lava, from Etna, gave alkaline matter, 
which seemed to be a mixture of soda^ potash, and lime. 

As in these trials the object was merely to ascertain the 
general fact of decomposition, the process was never con- 
ducted for a sufficient time to develope a quantity of alkaline 
matter capable of being conveniently weighed, and of course 
any loss of weight of the substance could not be determined. 
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I thought it right, however; to maJce one experiment of this 
kind, for the sake of removing every possibility of doubt on 
the source of the different products ; and I selected for this 
purpose glass, as a substance apparently insoluble in water^ 
and not likely to afford in any way erroneous results. 

The balance that I employed was made for the Royal 
Institution, by Mr. Fidler, after the model of that belonging 
to the Royal Society ; it turns readily with ji^. of a grain 
when loaded with 100 grains on each side; a glass tube with 
a plafma wire attached, weighing 84 grains J^-^ was con- 
nected with an agate cup, by amianthus ; they were filled with 
purified water, and electrified by a power from 150 pairs of 
plates, in such a way that the platina in the glass tube was 
negative. The process was continued for 4 days, when the 
water was found alkaline. It gave by evaporation and expo- 
sure to a heat of about 400** Fahrenheit, soda mixed with a 
white powder insoluble in acids, the whole weight of which 
was^^y^g- of a grain. The gldiss tube carefully cleaned and dried 
weighed 84 grains, y^J^. The difference between the loss of 
weight of the tube and the weight of the products in the water 
may be easily explained : some minute detached particles of ami- 
anthus were present, and the soda must have contained water, 
a substance which it is probably perfectly free from in glass. 

Having obtained such results with regard to the disengage- 
ment of the saline parts of bodies insoluble in water, I made 
a number of experiments on soluble compounds ; their de~ 
composition was always much more rapid, and the phseno- 
raena perfectly distinct 

In these processes I employed the agate cups with platina 
wires, connected by amianthus moistened in pure water ; the 

MDCCCVII, D 
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solutbtts were introduced into tbe cups, and the electrifying 
power applied from batteries of 50 pairs of plates, in the 
usual way. 

A diluted solution of sulphate of potash treated in this 
manner, produced in four hours at the negative wire a weak 
lixivium of potash ; and a solution of sulphuric acid at the 
positive wire. 

The phenomena were similar when sulphate of soda, nitrate 
of potash, nitrate of barytes, sulphate of ammonia, phosphate 
of soda, succinate oxalate, and benzoate of ammonia, and alum 
were used. The acids in a certain time collected in the tube 
containing the positive wire, and the alkalies and earths in 
that containing the negative wire. 

Solutions of the muriatic salts, decomposed in the same 
way, uniformly gave oxymuriatic acid on the positive side. 

When compatible mixtures of neutrosaline solutions con- 
taining the common mineral acids were used, the different acids 
and the different bases seemed to separate together in a mixed 
state, without any respect to the orders of affinity. 

When metallic solutions were employed, metallic crystals 
or depositions were formed, as in common Galvamic expe- 
riments, on the negative wire, and oxide was likewise depo- 
sited round it; and a great excess of acid was soon found 
in the opposite cup* With solutions of iron, zinc, and tin^ 
this effect took place, as well as with the more oxidable 
metals : when muriate of iron was used, the black substance 
deposited upon the wire was magnetic, and dissolved with 
effervescence in muriatic acid ; and when sulphate of zinc 
was used, a gray powder possessed of the metallic lustre, and 
likewise soluble with effervescence, appeared; and in all 
cases acid in excess was exhibited on the positive side. 
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Strong or saturated saline solutions, as might have beeh 
expected, afforded indications of the progress of decompo* 
sition much more rapidly than weak ones i but the smallest 
proportion of neutrosaline matter seemed to be acted on with 
energy. 

A very simple experiment demonstrates this last principle* 
If a piece of paper tinged with turmeric, is plunged into pure 
water in a proper circuit, in contact with the negative pojnt, 
the very minute quantity of saline compound contained in the 
paper, affords alkahne matter sufficient to give it instantly a 
brown tint near its point of contact: and acid in the same 
manner is immediately developed from litmus paper, at the 
positive surface. 

I made several experiments, with the view of ascertaining 
whether, in the decompositions by electricity, the separation 
of the constituent parts was complete from the last portions 
of the compound; and whenever the results were distinct, 
this evidently appeared to be the case, 

I shall describe one of the most conclusive of the experi-^ 
ments : a very weak solution of sulphate of potash, containing 
so parts water and one part saturated solution, at 64"", was 
electrified in the two agate cups by the power of 50 pairs of 
plates for three days: the connecting amianthus, which had 
been moistened with pure water, was removed, washed with 
pure water, and again applied, twice every day ; by this pre- 
caution the presence of any neutral salt that might adhere to 
it, and disturb the results, was prevented. The alkali obtained 
in this process in the solution had the properties of pure 
potash; and when it had been saturated with nitric acid it 
gave no turbidness by mixture with solution of muriate of 
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: bary tes: the acid matter exposed to a strong heat evaporated 
without leaving any residuum, 

IV, On the Transfer of certain of the constituent Parts of Bodies 

by the Action of Electricity. 

M. Gautherot has stated,* that in a single Galvanic 
circle of zinc, silver, and water, in an active state, the oxide 
of zinc formed is attracted by the silver;^ and M, M. 
HisiNGER and Berzelius detail an account of an experiment, 
in which solution of muriate of lime being placed in the positive 
part of a siphon, electrified by wires from a Voltaic pile, 
and distilled water in the negative part, lime appeared in the 

distilled water. 

These facts rendered it probable, that the saline elements 
evolved in decompositions by electricity were capable of being 
transferred from one electrified surface to another, according 
to their usual order of arrangement ; but to demonstrate this 
clearly, new researches were wanting. 

I connected one of the cups of sulphate of lime, mentioned 
page 13, with a cup of agate by asbestus ; and, filling them with 
purified water, made the platina wire in the cup of sulphate of 
lime transmit the electricity from a power of 100 ; a wire in the 
agate cup received it. In about four hours a strong solution of 
lime was found in the agate cup, and sulphuric acid in the cup 
of sulphate of lime. By reversing the order, and carrying on 
the process for a similar time, the sulphuric acid appeared in 
the agate cup, and the solution of Mme on the opposite side. 

Many trials were made with other valine substances, with 

* Annaks de Cbimie, VoL XXXIX. page 203, f Ibid. Vol. LI. page 17 1» 
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analogous results. When the compounds of the strong mineral 
acids with alkaline or alkaline-earthy bases, were introduced 
into one tube of glass, distilled water connected by amianthus 
being in another tube, both connected by wires of platina 
in the Voltaic arrangement, the base always passed into the 
distilled water when it was negative, and the acid when it 
was positive. 

The metals and the metallic oxides passed towards the 
negative surface like the alkalies, and collected round it. In a 
case in which solution of nitrate of silver was used on the 
positive side, and distilled water on the negative, silver ap- 
peared on the whole of the transmitting amianthus, so as to 
cover it with a thin metallic film. 

The time required for these transmissions (the quantity 
and intensity of the electricity, and other circumstances re- 
maining the same) seemed to be in some proportion as the 
length of the intermediate volume of water. Thus when with 
the power of 100, sulphate of potash was on the negative side, 
and distilled water on the positive side, the distance between 
the wires being only an inch, sulphuric acid, in sufficient 
quantity to be very manifest, was found in the water in less 
than five minutes : but when the tubes were connected by an 
intermediate vessel of pure water, so as to make the circuit 
8 inches, 1 4 hours were required to produce the same effect. 

To ascertain whether the contact of the saline solution with 
a metallic surface was necessary for the decomposition and 
transfer, I introduced purified water into two glass tubes ; a 
vessel containing solution of muriate of potash was connected 
with them respectively by amianthus; and the arrangement 
was made in such a way, that the level of both the portions 
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of purified water was higher than the level of the saline 
solution. 

In this case, the saline matter was distant from each of the 
wires at least ~ of an inch ; yet alkaline matter soon appeared 
in one tube, and acid matter in the other: and in 16 hours 
moderately strong solutions of potash, and of muriatic acid had 
been formed. 

In this case of electrical transfer or attraction, the acid 
and alkaline matter seemed to be perfectly pure; and I am 
inclined to believe that this is uniformly the case in all expe- 
riments carefully made. One of the instances in which I con- 
ceived acid most likely to be present, was in the transfer of 
magnesia from sulphate of magnesia in the positive tube, to 
distilled water in the negative tube. I examined the case, 
taking care that the distilled water was never upon a lower 
level than the saline solution : the process was continued for 
some hours, tilL a considerable quantity of magnesia had ap*- 
peared. The connecting amianthus was removed, and muriatic 
acid poured into the tube : the saturated solution did not pre- 
cipitate solution of muriate of barytes. 

I endeavoured to ascertain the progress of the transfer, and 
the course of the acid or alkaline matter in these decompo- 
sitions, by using solutions of litmus and turmeric, and papers 
coloured by these substances; and these trials led to the 
knowledge of some singular and unexpected circumstances. 

Two tubes, one containing distilled water, the other solu- 
tion of sulphate of potash, were each connected by amianthus 
with a small oz. measure filled with distilled water tinged by 
litmus : the saline solution was negatively electrified ; and as 
it was natural to suppose, that the sulphuric acid in passing 
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through the water to the positive side would redden the 
litmus in its course, some slips of moistened paper tinged with 
litmus were placed above and below the piecea of amianthus^ 
directly in the circuit. The progress of the experiment was 
minutely observed ; the first effect of reddening took place 
immediately above the positive surface, where I had least 
expected it; the red tint slowly diffused itself from the po- 
sitive side to the middle of the vessel, but no redness appeared 
above the amianthus, or about it, on the negative side, and 
though it had been const^tly transmitting sulphuric acid, it 
remained unaffected to the last 

The order of the experiment was changed, and the saline 
solution placed on the positive side; a solution and papers 
tinged with turmeric being substituted for those tinged with 
litmus. The effect was precisely analogous ; the turmeric be- 
came brown first, near tl^ negative wire, and no change tooH 
place in the intermediate vessel near the positive wire. 

In another pro^cess, the two glass tubes were filled with 
solution of muriate of soda, and the intermediate vessel with 
solution of sulphate of silver ; paper tmged with turmeric was 
placed on the positive si^, and paper tinged with litmus on 
the negative side; as soon as the electrical circuit was com-^ 
plete, soda began to appeajr in the negative tube, and oxy-- 
muriatic acid in the positive tufe; and the alternate products 
were exhibited passing into the solution of sulphate of silver, 
the muriatic acid occasicming^ a dense heavy precipitate, and the 
soda a more diffused and a Ighter one ;: but neither the turmeric 
transmitting the alkali, nor the litmus transmitting the acid, 
had their tints in the slightest degree altered. 
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V. On the Passage of Acids ^ Alkalies^ and other Substances 
through various attracting chemical Me?tstrua^ by Means of 
Electricity. 

As acid and alkaline substances during the time of their 
electrical transfer passed through water containing vegetable 
colours without affecting them, or apparently combining with 
them, it immediately became an object of enquiry, whether 
they would not likewise pass through chemical menstrua, 
having stronger attractions for them ; and it seemed reason- 
able to suppose, that the same power which destroyed elective 
affinity in the vicinity of the metallic points, would likewise 
destroy it, or suspend its operation, throughout the whole of 
the circuit. 

An arrangement was made, of the same vessels and appa- 
ratus employed in the experiment on the solution of muriate 
of soda, and sulphate of silver, page 33. Solution of sulphate 
of potash was placed in contact with the negatively electrified 
point, pure water was placed in contact with the positively 
electrified point, and a weak solution of ammonia was made 
the middle link of the conducting chain ; so that no sulphuric 
acid could pass to the positive point in the distilled water, 
without passing through the solution of ammonia. 

The power of 150 was used: in less than five minutes it 
was found, by means of litmus paper, that acid was collecting 
round the positive point ; in half an hour, the result was suf- 
ficiently distinct for accurate examination; 

The water was sour to the taste, and precipitated solution 
of nitrate of barytes. 

Similar experiments were made with solution of lime ; and 
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weak solutions of potash and soda, and the results were ana- 
logous. With strong solutions of potash and soda a much 
longer time was required for the exhibition of the acid; but 
even with the most saturated alkaline lixivium, it always 
appeared in a certain period. 

Muriatic acid, from muriate of soda, and nitric acid from 
nitrate of potash, were transmitted through concentrated alka- 
line menstrua, under similar circumstances. 

When distilled water was placed in the negative part of 
the circuit, and a solution of sulphuric, muriatic, or nitric acid, 
in the middle, and any neutral salt with a base of lime, soda, 
potash, ammonia, or magnesia, in the positive part, the alka- 
line matter was transmitted through the acid matter to the 
negative surface, with similar circumstances to those occurring 
during the passage of the acid through the alkaline menstrua ; 
and the less concentrated the solution, the greater seemed to 
be the facility of transmission. 

I tried in this way muriate of lime with sulphuric acid, 
nitrate of potash with muriatic acid, sulphate of soda with 
muriatic acid, and muriate of magnesia with sulphuric acid ; 
I employed the power of 150; and in less than 48 hours, I 
gained in all these cases decided results ; and magnesia came 
over like the rest. 

Strontites and barytes passed, like the other alkaline sub- 
stances, readily through muriatic and nitric acids ; and, vice 
versa, these acids passed with facility through aqueous solu- 
tions of barytes and strontites ; but in experiments in which 
it was attempted to pass sulphuric acid through the same men-- 
strua, or to pass barytes or strontites through this acid, the 
results were very different. 

MDcccvir. E 
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When solution of sulphate of potash was in the negative 
part of the circuit, distilled water in the positive part, and 
saturated solution of barytes in the middle^ no sensible quan* 
tity of sulphuric acid existed in the distilled water after 30 
hours, the power of 150 being used ; after four days, sul- 
phuric acid appeared, but the quantity was extremely minute ; 
much sulphate of barytes had formed in the intermediate 
vessel ; the solution of barytes was so weak as barely to tinge 
litmus; and a thick film of carbonate of barytes had formed 
on the surface of the fluid. With solution of strontites the 
result was very analogous, but the sulphuric acid was sensible 
in three days. 

When solution of muriate of barytes was made positive by 
the power of 150, concentrated sulphuric acid intermediate, 
and distilled water negative. No barytes appeared in the dis-^ 
tilled water, when the experiment had been carried on for 
four days ; but much oxymuriatic acid had formed in the 
positive vessel, and much sulphate of barytes had been de- 
posited in the sulphuric acid. 

Such of the metallic oxides as were made subjects of expe- 
riment passed through acid solutions from the positive to the 
negative side, but the effect was much longer in taking place 
than in the instances of the transition of alkaline matter. 
When solution of green sulphate of iron was made positive, 
solution of muriatic acid intermediate, and water negative, in 
the usual arrangement, green oxide of iron began to appear in. 
about ten hours upon the negative connecting amianthus, and 
in three days a considerable portion had been deposited in the 
tube. Analogous results were obtained with sulphate of 
copper, nitrate of lead, and nitromuriate of tin* 
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I made several experiments on the transition of alkaline 
and acid matter through different neutrosaline solutions, and 
the results were such as might well have been anticipated. 

When solution of muriate of barytes was negative, solution 
of s^lphate of potash intermediate, and pure water positive, the 
power being from 150, sulphuric acid appeared in about five 
minutes in the distilled water ; and in two hours the muriatic 
acid was likewise very evident. When solution of sulphate of 
potash was positive^ solution of muriate of barytes interme^ 
diate, and distilled water negative, the barytes appeared in 
the water in a few minutes ; the potash from the More remote 
part of the chain vi^as nearly an hour in accumulating, so as 
to be sensible. 

When the solution of muriate of baryte;^ was poMtiVe, \k€ 
solution of sulphate of potash Intermediate, and distilled water 
negative, the potash soon appeared in the distilled water ; a 
copious precipitation of sulphate of barytes formed ifi t\\& 
middle vessel ; but after ten hours no barytes had passed km 
the water. 

When solution of sulphate of silver was interposed between 
solution of muriate of barytes on the negative side, arid pure water 
on the positive side, sulphuric acid alone passed into the distilled 
water; and there was a copious precipitation in the solution of 
sulphate of silver. This process was carried on for ten hours. 

I tried several of these experilrients of transition upon ve- 
getable and animal substances with perfect success. 

The saline matter exposed Jii contact with the metal, and 
that existing in the vegetable or animal substances, both 
underwent decomposition ^nd transfer ; and the time of the 
appearance of the different products at the extremities of 
the circuit was governed by the degree of their vicinity, 
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Thusywhen a fresh leaf-stalk of the polyanthus, about s 
inches long, was made to connect a positively electrified tube 
containing solution of nitrate of strontites, and a negatively 
electrified tube containing pure water. The water soon be- 
came green, and gave indications of alkaline properties, and 
free nitric acid was rapidly separated in the positive tube. After 
ten minutes, the alkaline matter was examined ; it consisted 
of potash and lime, and as yet no strontites had been carried 
into it: for the precipitate it gave with sulphuric acid readily 
dissolved in muriatic acid. In half an hour strontites, however, 
appeared; and in four hours it formed a very abundant in- 
gredient of the solution. 

A piece of muscular flesh of beef, of about 3 inches in 
length and half an inch in thickness, was treated in the same 
way as the medium of communication between muriate of 
barytes and distilled water. The first products were soda, 
ammonia, and lime; and after an hour and a quarter, the 
barytes was very evident. There was much free oxy muriatic 
acid in the positively electrified tube, but no particle of 
muriatic acid had passed into the negative tube, either from 
the muriatic solution or from the muscular fibre. 



VL Some general Observations on these Phenomena, and on the 

Mode of Decomposition and Transition. 

It will be a general expression of the facts that have been 
detailed, relating to the changes and transitions by electricity, 
in common philosophical language, to say, that hydrogene, 
the alkaline substances, the metals, and certain metallic oxides, 
are attracted by negatively electrified metallic surfaces, and 
repelled by positively electrified metallic surfaces ; and con« 
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trariwise, that oxygene and acid substances are attracted by 
positively electrified metallic surfaces, and repelled by nega- 
tively electrified metallic surfaces ; and these attractive and re- 
pulsive forces are sufficiently energetic to destroy or suspend 
the usual operation of elective affinity. 

It is very natural to suppose, that the repellent and attrac- 
tive energies are communicated from one particle to another 
particle of the same kind, so as to establish a conducting chain 
in the fluid; and that the locomotion takes place in conse- 
quence ; and that this is really the case seems to be shovv^n by 
many facts. Thus, in all the instances in v^hich I exa- 
mined alkaline solutions through which acids had been trans- 
mitted, I always found acid in them whenever any acid matter 
remained at the original source. In time, by the attractive 
power of the positive surface, the decomposition and transfer 
undoubtedly become complete ; but this does not affect the 
conclusion. 

In the cases of the separation of the constituents of water, 
and of solutions of neutral salts forming the whole of the 
chain, there may possibly be a succession of decompositions 
and recompositions throughout the fluid. And this idea is 
strengthened by the experiments on the attempt to pass ba- 
rytes through sulphuric acid, and muriatic acid through solu- 
tion of sulphate of silver, in which, as insoluble compounds 
are formed and carried out of the sphere of the electrical 
action, the power c»f transfer is destroyed. A similar con^ 
elusion might likewise be drawn from many other instances. 
Magnesia and the metallic oxides, as I have already men- 
tioned, will pass along moist amianthus from the positive to the 
negative surface ; but if a vessel of pure water be interposed, 
they do not reach the negative vessel, but sink to the bottomv 
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These experiments I have very often made, and the results 
are perfectly conclusive ; and in the case, page 26, in which 
sulphuric acid seemed to pass in ;gmall quantities through very 
weak solutions of strontites and barytes, I have no doubt but 
that it was carried through by means of a thin stratum of pure 
water, where the solution had l^en decomposed at the surface 
by carbonic acid; for in an experiment similar to these in 
which the film of carbonate of bary tes was often removed 
and the fluid agitated, no particle of sulphuric acid appeared 
in the positive part of the chain* 

It is easy to explain, from the general phenomena of de- 
composition and transfer, the mode in which oxygene and Ay- 
drogene are separately evolved from water. The oxygene of a 
portion of water is attracted by the positive surface, at the same 
time that the other constituent part, the hydrogene is repelled 
by it ; and the opposite process takes place at the negative sur- 
face ; and in the middle or neutral point of the circuit, whether 
there be a series of decompositions and recom positions, or 
whether the particles from the extreme points only are active, 
there must be a new combination of the repelled matter : and 
the case is analogous to that of two portions of muriate of soda 
separated by distilled water ; muriatic acid is repelled from the 
negative side, and soda from the positive side, and mufiate of 
soda is composed in the middle vessel. 

These facts seem fully to invalidate the conjectures of M. 
RiTTER, and some other philosophers, with regard to the 
elementary nature of water, and perfectly to confirm the 
great discovery of Mr. Cavendish. 

M. RiTTER conceived that he had procured oxygene from^ 
water without hydrogene, by making sulphuric acid the me- 
dium of communication at the negative surface; but in this case. 
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sulphur is deposited, and the oxy'gene from the acid, and the 
hydrogene from the water are respectively repelled ; and a 
new combination produced, 

I have attempted some of the experiments of decomposition 
and transfer, by means of common electricity, making use of 
a powerful electrical machine of Mr. Nairne's construction, 
belonging to the Eloyal Institution, of which the cylinder is 15 
inches in diameter, and 2 feet long. 

With the same app.ratus as that employed for decomposi- 
tions by the Voltaic battery, no perceptible effect was pro- 
duced by passing a strong current of electricity silently for 
four hours through solution of sulphate of potash. 

But by employing fine platina points of ^-^ of an inch in 
diameter, cemented in glass tubes in the manner contrived by 
Dr,Woi.LASTON,*and bringing them near each other,in vessels 
containing from 3 to 4 grains of the solution, and connected 
by moist asbestus, potash appeared in less than two hour;^ 
round the negatively electrified point, and sulphuric acid round 
the positive point. 

In a similar experiment sulphuric acid was transferred 
through moist asbestus into water; so that there can be no 
doubt, that the principle of action is the same in common and 
the Voltaic electricity-i^ 

* FhlL Trans. VoL XCL page 427. 

f This had been shewn, with regard to the decomposition of water, by Dr. Wot- 
L ASTON 's irnportant researches. — By carefully avoiding sparks, I have been able to 
obtain the two constituents in a separate state. In an experiment in which a fine platina 
point cemented in glass, and connected by a single wire with the positive conductor of 
this machine, was plunged in distilled water in an insulated state, and the electricity 
dissipated into the atmosphere by means of moistened filaments of cotton, oxygene 
gas, mixed with a little nitrogene gas, was produced ; and when the same apparatus 
was applied to the negative conductor hydrogene gas was evolved, ajsd a minute 
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VII. On the general Principles of the chemical Changes produced 

by Electricity 

The experiments of Mr. Bennet had shown, that many 
bodies brought into contact and afterwards separated, exhibited 
opposite states of electricity ; but it is to the investigations of 
VoLTA that a clear developement of the fact is owing; he 
has distinctly shown it in the case of copper and zinc, and 
other metallic combinations ; and has supposed that it also 
takes place with regard to metals and fluids* 

In a series of experiments made in 1801,* on the construc- 
tion of electrical combinations by means of alternations of 
single metaUic plates, and different strata of fluids, I observed 
that when acid and alkaline solutions were employed as ele- 
ments of these instruments, the alkaline solutions always 
received the electricity from the metal, and the acid always 
transmitted it to the metal ; thus, in an arrangement of which 
the elements were tin, water, and solution of potash, the 
circulation of the electricity was from the water to the tin, 
and from the tin to the solution of potash ; but in an arrange- 
ment composed of weak nitric acid, water, and tin ; the order 
was from the acid to the tin, and from the tin to the water. 

These principles seem to bear an immediate relation to the 
general phsenomena of decomposition and transference, which 
have been the subject of the preceding details. 

portion of oxygene and nitrogene gases : but neither of the foreign products, the 
nitrogene gas in the one case and the nitrogene and oxygene gases in the other, 
formed as much as -^^ part of the volume of the gases ; and there is every reason 
to suppose that they were derived from the extrication of common air, which had 
been dissolved in the water. This result, which when I first obtained it in 1803, 
appeared very obscure, is now easily explained ; the alternate products must have 
been evolved at the points of the dissipation of the electricity, 
* See Phil, Trails. Vol XCL page 397. 
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111 the simplest case of electrical action 5 the alkali which 
jreceives electricity from the metal would necessarily, 011 
being separated from it, appear positive ; whilst the acid mider 
similar circumstances would be negative ; and these bodies 
having respectively with regard to the metals, that which 
may be called a positive and a negative electrical energy, in 
their repellent and attractive functions seem to be governed 
by laws the same as the common laws of electrical attraction 
and repulsion. The body possessing the positive energy 
being repelled by positively electrified surfaces, and attracted 
by negatively electrical surfaces ; and the body possessing the 
negative energy following the contrary order. 
. I have made a number of experiments with the view of 
elucidating this idea, and of extending its application ; and in 
all cases they have tended to confirm the analogy in a 
remarkable manner. 

Well burned charcoal water and nitric acid, the same sub- 
stance water and solution of soda, made respectively elements 
of different electrical combinations, became distinctly active 
when 20 alternations were put together: the positive energy 
being exhibited on the side of the alkali, and the negative on 
that of the acid. Arrangements of plates of zinc, pieces of 
moistened pasteboard, and moistened quicklime, to the number 
of 40 series, likewise formed a weak electrical pile, the effect 
of the lime being similar to that of an alkah, but the power 
was soon lost. 

I endeavoured, by means of very delicate instruments, to 
ascertain the electrical states of single insulated acid and 
alkaline solutions, after their contact with metals; and for 
this purpose I employed at different times the condensing 
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electrometer of Mr. Cuthbertson's construction, Mr, Ca- 
VALLo's multiplier, and a very sensible electrical balance, on the 
principle of torsion, adopted by M. Coulomb ; but the effects 
^vere unsatisfactory, the circumstances of evaporation, and of 
chemical action, and the adherence of the solutions to the 
surfaces of the metals employed, in most cases, prevented 
any distinct result, or rendered the source of the electricity 
doubtful. I shall not enter into any details of these processes, 
or attempt to draw conclusions from capricious and uncertain 
appearances, which, as we shall immediately see, may be fully 
deduced from clear and distinct ones. 

The alkaline and acid substances capable of existing in the 
dry and solid form, give by contact with the metals exceed- 
ingly sensible electricities, which require for their exhibition 
the gold leaf electrometer only with the small condensing 
plate. 

When oxalic, succinic, benzoic or boracic acid, perfectly dry, 
either in powder or crystals, were touched upon an extended 
surface with a plate of copper insulated by a glass handle, the 
copper was found positive, the acid negative. In favourable 
weather, and when the electrometer was in perfect condition, 
one contact of the metal was sufficient to produce a sensible 
charge; but sddom more than five or six were required. 
Other metals, zinc, and tin for instance were tried with the 
same effect. And the metal received the positive charge, appa- 
rently to the same extent, whether the acid was insulated 
upon glass, or connected with the ground. 

The solid acid of phosphorus, which had been strongly 
ignited, and most carefully excluded from the contact of air, 
rendered the insulated plate of zinc positive by four contacts ; 
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but after exposure to the atmosphere for a few minutes it 
wholly lost this power. 

When metallic plates were made to touch dry lime, strontites, 
or magnesia, the metal became negative ; the effect was exceed- 
ingly distinct, a single contact upon a large surface being suf- 
ficient to communicate a considerable charge. For these 
experiments the earths were carefully prepared ; they were 
in powder, and had been kept for several days in glass bottles 
before they were used : it is essential to the success of the 
process that they be of the temperature of the atmosphere. 
In some experiments which I made upon them when cooling, 
after having been ignited ; they appeared strongly electrical, 
and rendered the conductors brought in contact with them 
positive. 

I made several experiments in a similar manner on the 
effects of the contact of potash and soda with the metals. 
Potash in no instance afforded a satisfactory result ; its power- 
ful attraction for water presents an obstacle probably unsur- 
mountable to the success of any trials made in the free atmos- 
phere. Soda, in the only case in which electricity was 
exhibited, affected the metal in the same way as hme, stron- 
tites, and magnesia- Upon this occasion the soda had been 
prepared with great care, exposed in a platina crucible for 
nearly an hour in a red heat, and suffered to cool in the 
crucible inverted over mercury; when cool it was imme- 
diately removed, and the contact made with a plate of zinc : 
the experiment was performed in the open air ; the weather 
was peculiarly dry, the thermometer stood at 28^ Fahrenheit, 
and the barometer at 30.2 inches ; six contacts gave a charge 
to the condensing electrometer in the first trial ; in the second 
ten were required to produce a similar effect; and after this, 
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though two minutes only had elapsed, no farther result could 
be obtained. 

In the decomposition of sulphuric acid by Voltaic elec- 
tricity the sulphur separates on the negative side. The expe- 
riments of various electricians prove/ that by the friction of 
sulphur and metals, the sulphur becomes positive and the 
metals negative ; the same thing I find happens from the con- 
tact of an unexited cake of sulphur and insulated metallic 
plates. Mr.WiLKEhas stated an exception to lead, as rendering 
sulphur negative by its friction. The results that I have ob- 
tained with lead, in trials very carefully made, are the same 
as those with other metals.^ Sulphur, by being rubbed or 
struck against newly-polished lead, always became positive. 
Mr. WiLKE perhaps was misled by using tarnished lead : sul- 
phur, I find, rubbed against litharge, or lead the surface of 
which has been long exposed to air, becomes negative ; and 
this exception being removed, all the facts on the subject are 
confirmations of the general principle. *f 

* As sulphur is a nonconductor, and easily excited by slight friction, or small 
changes in its temperature, some caution is required in drawing conchisions from the 
experiments in which it is employed. Sulphur, examined immediately after having 
been heated, gives a positive charge to conductors, agreeing in this respect with the 
alkaline substances; and a slight contact with the dry hand is sufficient to render 
it negative* In general likewise in experiments of contact care should be taken that 
the metallic plate is free from electricity : well polished plates of copper and zinc will, 
1 find, receive a negative charge from being laid on a table of common mahogany. 

f Concentrated solution of phosphoric acid, I find, is decomposed by Voltaic . 
electricity : the phosphorus combines with the negatively electrified metal, and forms 
a phosphuret ; at least this happened in the two cases that I tried with platina and 
copper. From all analogy it may be inferred, that the electrical energy of this 
inflammable substance with regard to metals is the same as that of sulphur. I tried 
some experiments of contact upon it, but without success. Its slow combustion in the 
atmosphere it is most likely was the cause of the failure: but even in gases not con- 
taining free or loosely combined oxygene, its evaporation would probably interferei 
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On the general principle, oxygene and hydrogene ought 
to possess, with regard to the metals respectively, the nega- 
tive and positive energy. This I have not been able to prove 
by direct experiments of contact; but the idea is confirmed 
hj the agency of their compounds ; thus I have found that 
solution of sulphuretted hydrogene in water acts in the elec- 
trical apparatus composed of single plates and different strata 
of fluids, in the same manner as alkahne solutions ; and that 
solution of oxymuriatic acid is more powerful in similar ar- 
rangements than solutions of muriatic acid of a higher degree 
of concentration ; and in both these cases, it is impossible to 
conceive the combined hydrogene and oxygene inactive. The 
inference likewise is fully warranted by the case of the 
solutions of alkaline hydroguretted sulphurets, which con- 
sisting principally of alkali and sulphur together in union with 
water, exhibit the positive energy with regard to the metals 
in a very high degree. In the series of experiments on 
Voltaic arrangements constructed with single plates above- 
mentioned, I found the solutions of hydroguretted sulphurets 
in general much more active than alkahne solutions, and par- 
ticularly active with copper, silver, and lead. And in an 
experiment that I made on a combination of copper, iron, and 
hydroguretted sulphurets of potash, in 1802, 1 found that the 
positive energy of the hydroguretted sulphurets with regard 
to the copper was sufficient to overpower that of the iron ; so 
that the electricity did not circulate from the copper to the 
iron, and from the iron to the fluid, as in common cases, but 
from the copper to the hydroguretted sulphuret, and from 
the hydroguretted sulphuret to the iron. 

All these details afford the strongest confirmation of the 
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principle. It may be considered almost as a mere arrangement 
of facts ; and with some extensions it seems capable of being 
generally applied. 

Bodies possessing opposite electrical energies with regard 
to one and the same body, we might fairly conclude would 
likewise possess them with regard to each other. This I have 
found by experiment is the case with lime and oxalic acid, 
A dry piece of lime, made from a very pure compact second- 
ary limestone, and of such a form as to present a large 
smooth surface, became positively electrical by repeated con- 
tacts with crystals of oxalic acid : and these crystals placed 
upon the top of a condensing electrometer, and repeatedly 
touched by the hme, which after each contact was freed from 
its charge, rendered the gold leaves negatively electrical 
The tendency of the mere contacts of the acid and alkali with 
the metal would be to produce opposite effects to those exhi- 
bited, so that their mutual agency must have been very 
energetic. 

It will not certainly be a remote analogy to consider the 
other acid and alkaline substances generally, and oxygene and 
hydrogene as possessing similar electrical relations; and in 
the decompositions and changes presented by the effects of 
electricity , the different bodies naturally possessed of chemical 
affinities appear incapable of combining, or of remaining in 
combination, when placed in a state of electricity different 
from their natural order. Thus, as we have seen, the acids 
in the positive part of the circuit, separate themselves from 
alkahes, oxygene from hydrogene, and so on ; and metals on 
the negative side, do not unite to oxygene, and acids do not 
remain in union with their oxides ; and in this way the attrac- 
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tive and repellent agencies seem to be communicated from the 
metallic surfaces throughout the whole of the menstruum. 



VIIL On the Relations between the electrical Energies of Bodies^ 

and their chemical Affinities. 

As the chemical attraction Between two bodies seems to be 
destroyed by giving one of them an electrical state different 
from that which it naturally possesses * that is, by bringing 
it artificially into a state similar to the other, so it may be 
increased by exalting its natural energy. Thus, whilst zinc, 
one of the most oxidable of the metals, is incapable of com- 
bining with oxy gene when negatively electrified in the circuit, 
even by a feeble power ; silver, one of the least oxidable, easily 
unites to it when positively electrified ; and the same thing 
might be said of other metals. 

Amongst the substances that combine chemically, all those, 
the electrical energies of which are well known, exhibit op- 
posite states; thus, copper and zinc, gold and quicksilver, 
sulphur and the metals, the acid and alkaline substances, 
afford apposite instances ; and supposing perfect freedom of 
motion in their particles or elementary matter, they ought, 
according to the principles laid down, to attract each other in 
consequence of their electrical powers. In the present state 
of our knowledge, it would be useless to attempt to speculate 
on the remote cause of the electrical energy, or the reason 
why different bodies, after being brought into contact, should 
be found differently electrified ; its relation to chemical affinity 
is, however, sufficiently evident. May it not be identical with 
it, and an essential property of matter ? 
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The coated glass plates of Beccaria strongly adhere to 
each other when oppositely charged, and retain their charges 
on being separated. This fact affords a distinct analogy to the 
subject ; different particles in combining must still be sup- 
posed to preserve their peculiar states of energy. 

In the present early stage of the investigation, it would be 
improper to place unbounded confidence in this hypothesis ; 
but it seems naturally to arise from the facts, and to coincide 
with the laws of affinity, so ably developed by modern 
chemists; and the general application of it may be easily 
made. 

Supposing two bodies, the particles of which are in different 
electrical states, and those states sufficiently exalted to give 
them an attractive force superior to the power of aggre- 
gation, a combination would take place which would be more 
or less intense according as the energies were more or less 
perfectly balanced; and the change of properties would be 
correspondently proportional. 

This would be the simplest case of chemical union. But 
different substances have different degrees of the same elec- 
trical energy in relation to the same body : thus the different 
acids and alkalies are possessed of different energies with regard 
to the same metal ; sulphuric acid, for instance, is more power- 
ful with lead than muriatic acid, and solution of potash is more 
active with tin than solution of soda. Such bodies likewise 
may be in the same state or repellent with regard to each other, 
as apparently happens in the cases just mentioned; or they 
may be neutral ; or they may be in oppositeor attracting states, 
which last seems to be the condition of sulphur and alkalies 
that have the same kind of energy with regard to metals. 
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When two bodies repellent of each other act upon the same 
body with difFerent degrees of the same electrical attracting 
energy, the combination would be determined by the degree ; 
and the substance possessing the weakest energy would ba 
repelled ; and this principle would afford an expression of the 
causes of elective affinity, and the decompositions produced 
inconsequence. 

Or where the bodies having difFerent degrees of the same 
energy, with regard to the third body, had likewise difFerent 
energies with regard to each other, there might be such a 
balance of attractive and repellent powers as to produce a 
triple compound ;; and by the extension of this reasoning, 
complicated chemical union may be easily explained. 

Numerical illustrations of these notions might be made 
without difficulty , and they might be applied to all cases of 
chemical action ; but in the present state of the enquiry, a 
great extension of this hypothetical part of the subject would 
be premature. 

The general idea will, however, afford an easy explanation 
of the influence of affinity by the masses of the acting sub- 
stances, as elucidated by the experiments of M. Berthollet ; 
for the combined effect of many particles possessing a feeble 
electrical energy, may be conceived equal or even superior to 
the effect of a few particles possessing a strong electrical 
energy: and the facts mentioned, page 25, confirm the sup-» 
position : for concentrated alkaline lixivia resist the transmis-- 
sion of acids by electricity much more powerfully than weak 
ones. 

Allowing combination to depend upon the balance of the 
natural electrical energies of bodies, it is easy to conceive that 
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a meamre may be fowidi of tha artificial tjifi^eij as tQ fiien- 
silry aii^d quantity pmdiiced ieth tirndbine, 

or the Voltaic apparatus/ capable of de^roying this eqiMli- 
Wum ; and mith a iBsasure woiild enable m to make a seale 
of electrical powers corresponding to degrees of ai?inity/ 

In the drciit of the Voltaic apparatus, completed by 
inetallic wires and water, the strength of the opposite electri- 
cities diminish from the points of contact of the wires towards 
the middle point in the water^ which is f|ece§Mrilyneiitii^ 
In a body of water of considerable length it probably would 
not be difficult to assign the places in which the different 
neutral compounds yielded to, or resisted, decomposition. 
Sulphate of barytes, in all cases that I tried, required immediate 
contact with the wire : solution of sidphate of potash exhibited 
no marks of decomposition with the power of i#o, #ien C0n- 
connected in a circuit of water ten inches in length, ^t fottr 
inches from the positive point; but whm si^aced within two 
inches, its alkali was slowly repelled and its acid attraoted.* 

Whenever bodies brought by artifieial m^m into a high 
state of opposite electricities are made to restore tihe equili- 
brium, heat and light are the common consequences. It is 

* in tMs %3cperiment, the water Was corttaiwed in a drcular glass bas6n two inclies 
^eep, ^e commutiication was inade hy ^i^cies of amianthus ^f ahout the eighth of 
^a inch in breadth. The saline selution filled a halfounce nteaswre, and the distance 
between the solution and the water, at both points of communication, was a cjuarter 
of an inch. I mention these ekcumstances because the quantity of fluid and the 
extewt^f surface materially influence the result in trials of this kind. Water included 
in/^a^ fipteis forms a much less perfect conductlrig chain than when diffused tipon 
the surface of fibrous nonconducting substances of much smaller volume than the 
diameter of the siphons. I attempted to employ siphons in §ome of my first experi- 
irtents; but the very great inferiority of effect as compared With that of amianthus 
imd€ tm altogetberiieUnqulsh the use of them. 
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perbaps M additional circiimsteice/infa^ou^^^ theory to 

state^ that heat and light are likev^isa the result of all interne 
chemical acitioh. Ahd as in certain forms of the Voltaic 
battery, Wher<g large quantities of electricity of low intensity 
act, heat is pro&iced without light ; so in ^low corfinations 
there is an increase of temperature withaut luminous ap- 
pearance. 

The effect of ue at , in producing combination, may be easily 
expIaMed according to these ideas. It not only often gives 
more freedom of motion to the particles, but in a number of 
cases it seems to exalt the electrical energies of bodies • glass, 
the tourmahn, sulphur, all afford familiar instances of this last 
iHpecits of energy. 

I heated together an insulated plate of copper and a plate 
of sulphur, and examined their electricities as their tempera- 
ture became elevated: these electricities, scarcely sensible at 
^ FAHREK^HEit to the Condensing electrometer, became at 
100^ Fahrenheit capable di affecting the gold leaves without 
condensation ; they increased in a still higher ratio as the 
sulphur approached towards its point of fusion. At a little 
above this point, as is well known from the experiments of 
the Dutch chemists, the two substances rapidly combine, and 
heat and light are evident. 

Similar eifects may be Cdncelved to occur in the case of 
oxygene and hydfogene, which form water, a body appa- 
rently neutral in electrical energy to most other substances : 
and we may reasonably conclude that there is the same exair 
mtion of |K)wer, in ill cases of combustion. In general, vv^hen 
the iiferent energies Are strong and in perfect equilibrium, the 
combmaJion ^u^ to be quick, the heat and light intens^, and 
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the new compound in a neutral state. This would seem to be 
the case in the instance just quoted ; and in the drpuMstances 
of the union of the strong alk^ies and acids. But where one 
energy is feeble and the other strong, all the effects must be 
less vivid ; and the compound^ instead ofjbeing neutral, ought 
to exhibit the excess^ of the stronger energy. 

This last idea is confirmed by all the experiments which I 
have been able to make on the energies of the saline com- 
pounds with regard tq the metals. jNitrate and sulphate of 
potash, muriate of lime, oxymuriate of potash, though re- 
peatedly touched upon a large surface by plates of copper 
and zinc, gave no electrical charge to them ; subcarbonate of 
soda and borax, on the contrary, gave a slight negative 
charge, and alum and superphosphate of Hme a feeble positive 
charge. 

Should this principle on further enquiry be found to apply 
generally, the degree of the electrical energies of bodies, 
ascertained by means of sensible instruments, will afford new 
and useful indications of their composition. 



IX- On the Mode of Action on the Pile ofYoLTAywitk experi-- 

mental Elucidations. 

The great tendency of the attraction of the different che- 
mical agents, by the positive and negative surfaces in the 
Voltaic apparatus, seems to be to restore the electrical equi- 
librium. In a Voltaic battery, composed of copper, zinc, and 
solution of muriate of soda, all circulation of the electricity 
ceases, the equilibrium is restored if copper be brought in 
contaef with the zinc on both sides : and oxygene arid acids, 
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which are attracted by the positively electrified ^inc, exert 
similar agencies to the copper, but probably in a slighter de- 
gree, and being capable of combination with the metal, they 
produce a momentary equilibrium only. 

The electrical energies of the metals with regard to each 
other, or the substances dissolved in the water, in the Voltaic 
and other analogous instruments, seem to be the causes that 
disturb the equilibrium, and the chemical changes the causes 
that tend tg> restore the equilibrium ; and the phsenomena most 
probably depend on their joint agency. 

In the Voltaic pile of zinc, copper, and solution of muriate 
of soda, in what has been called its condition of electrical 
tension, the commiunicating plates of copper and zinc are in 
opposite electrical .states. And with regard to electricities of 
such very low intensity, water is an insulating body: every 
copper-plate consequently produces by induction an increase 
of positive electricity upon the opposite zinc plate ; and every 
zinc plate an increase of negative electricity on the opposite 
copper-plate : and the intensity increases with the , number, 
and the quantity with the extent of the series. 

When a communication is made between the two extreme 
points, the opposite electricities tend to annihilate each other'; 
and if the fluid miedium could be a substance incapable of 
decomposition, the equilibrium, there is every reason to believe, 
would be restored, and the motion of the electricity cease. 
But solution of muriate of soda being composed of two series 
of elements possessing opposite electrical energies, the oxy- 
gene and the acid are attracted by the zinc, and the hydrogene 
and the alkah by the copper. The balance of power is mo- 
mentary only ; for solution of zinc is formed, and the hydro- 
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gene disengaged. The negative energy of the cop^r and the 
positive energy of the zinc iire consequently again exerted, 
enfeebled only by the opposing energy of the soda in contact 
v^ith the copper, and the process of electrDmotion Gontinnes, 
as long as the chemical changes are capable of being e^ried 
on. 

This theory in some measure reconciles the hypothetical 
principles of the action of the pile adopted by its illustrious 
inventor, with the opinions concerning the chemical origin of 
Galvanism, supported by the greater number of the British 
philosophers, and it is confirmed and strengthed by many 
facts and experiments. 

Thus the Voltaic pile of 20 pairs of plates of copper and 
zinc exhibits no permanent electromotive power when the con- 
riecting fluid is w^ater free from air ; ^ for this substance does 
not readily undergo chemical change, and the equilibrium 
seems to be capable of being permanently restored through 
it. Conceritrated sulphuric acid, which is a much more perfect 
conductor, is equally inefficient, for it has little action upon 
zinc, and is itself decomposed only by a very strong power. 
Piles, containing as their fluid element either pure water or 
sulphuric acid, will undoubtedly give single shocks, and this 
effect is connected with the restoration of the equihbrium dis- 
turbed by the energies of the metals \ but when their extreme 
plates are connected there is no exhibition^ as in usual cases 
of elect romotion. Water containing loosely combined oxygeile 
is more efficient than water contiaining common air,asit enablES 

"* llie experiments proving this fact, and the other analogous facts in this page, 
may be seen detailed in NichoIson^s Journal, 4tb. Vol, IV. page 338 and 394; and 
Phil. Mag. VoL 5C* p^ge^o* 
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oxide of zinc to be formed mor^ rapidly, and in larger quan- 
tities. Neutrosaline solutbns which ^re at first very active, 
loose their energy In proportion as their add arranges itself 
on the ade of the jzinc, and their alkali on that of the copper ; 
and I have found the powers of a combination nearly de- 
stroyed from this oause very much revived, merely by agi- 
tating the fluids in the cells and mixing their parts together. 
Diluted adds, which are themselves eadbly decomposed, or 
i^#ch assist the decomposition of water, are above all other 
substances powerful; for they dissolve the zinc, and fomisfa 
only € gaseous product to the negative surface, which is imme- 
diately disengaged. 

There are other experiments connected with very striking 
^results, which offer additioitial reasons for supposing the de- 
composition of the chemical menstrua esBential to the conti- 
nued electromotion In the pile. 

4 s when an jelefctrical discharge is produced by means of 
small metallic surfaces in the Voltaic battery, (the opposite 
states being exalted,) sensible hedA is the consequencE, it 
occurred to me, that if the decomposition of the chemical 
agents was essential to the b^ance of the opposed electridties, 
the eifect^ in a saime solution, of this decomposition, mid of the 
transfer ^ the alkali to the negative side, and oif the acid to 
the positive side, ought, und^ favourable drcumstaices, to be 
connected with an increase of temperature. 

I placed the gold cones, which have been so often men- 
tioned, in the circuit of the battery with the power of 100, I 
filled them with distilled water, and connected them by a 
piece of moistened asbestus, about an inch in length and | of 
an inch diameter ; I provided a small air-thermometer capable 
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of being immersed in the gold Gdnes, expecting (if any) only 
a very slight change of temperature ; I introduced a drop of 
^Solution of isulphate of potash into the positive cone : the de- 
composition instantly began : potash passed rapidly over into 
the negative cone, heat was immediately sensible ; and in less 
than two minutes the water was in a state of ebullition. 

I tried the same thing with a solution of nitrate of ammonia, 
and in this instance the heat rose to such an intensity as to 
evaporate all the water in three or foiir minutes, with a kind 
of explosive noise ; and at last actual inflammation took place, 
with the decomposition and dissipation of the greatest part 
of the salt.^ 

That the increase of the conducting power of the water by 
the drop of saline solution had little or nothing to do with the 
effect, is evident from this circumstance: I introduced a quan- 
tity of strong lixivium of potash into the cones, and likewise 
concentrated sulphuric acid, separately, which are better con-, 
ductors than solutions of the neutral salts; but there was very 
little sensible effect. 

The same principles will apply to all the varieties of the 
electrical apparatus, whether containing double or single 
plates ; and if the ideas develpped in the preceding sections 
be correct, one property operating under different modifica- 
tions is the universal cause of their activity , 

* In this process ammonia was rapidly given off from ^he surface of the negative 
cone, and nitrous acid from that of the positive cone, and a white vapour was pro»> 
duced by their combination in the atmosphere above the apparatus. 
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X. On some general Illustrations and Applications of the fore-- 
going Facts and Principles^ and Conclusion, 

The general ideas advanced in the preceding pages are 
evidently directly in contradiction to the opinion advanced by 
Fabroni, and which, in the early stage of the investigation, 
appeared extremely probable, namely, that chemical changes 
are the primary causes of the pha^nomena of Galvanism. 

Before the experiments of M. Volt a on the electricity 
excited by the mere contact of metals w^ere published, I had 
to a certain extent adopted this opinion ; but the new facts 
immediately proved that another power must necessarily be 
concerned ; for it was not possible to refer the electricity 
exhibited by the apposition of metallic surfaces to any che- 
mical alterations, particularly as the effect is more distinct in 
a dry atmosphere, in which even the mostoxidable metals do 
not change, than in a moist one, in which many metals un- 
dergo chemical alteration. 

Other facts likewise soon occurred demonstrative of the 
same thing. In the Voltaic combination of diluted nitrous 
acid, zinc and copper, as is well known, the side of the zinc 
exposed to the acid is positive. But in combinations of zinc, 
water and diluted nitric acid, the surface exposed to the acid 
is negative; though if the chemical action of the acid on the 
zinc had been the cause of the effect, it ought to be the same 
in both cases. 

In mere cases of chemical change likewise electricity is 
never exhibited. Iron burnt in oxygene gas, properly con- 
nected with a condensing electrometer, gives no charge to it 
during the process. Nitre and charcoal deflagrated in com- 
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munication with the same instrument do not by their agencies 
in the slightest degree affect the gold leaves. Solid pure 
potash and sulphuric acid made to combine in an insulated 
platina crucible produce no electrical appearances. A solid 
amalgam of bismuth and a solid amalgam of lead become 
fluid when mixed together : the experiment, I find, is con- 
nected with a diminution of temperature, but with no exhi- 
bition of electrical effects. A thin plate of zinc, after being 
placed upon a surface of mercury, and separated by an imsu- 
lating body,; is found positive, the mercury is negative: the 
effects are exalted by heating the metals ; but let them, he kept 
in contact sufficiently long to amalgamate, and the compound 
gives no signs of electricity. I could mention a great number 
of other instances of pure chemical action in which I have used 
all the means in my power to ascertain the fact, and the result 
ha^ been constantly the same. In cases of effervescence, in- 
deed , particularly when accompanied by much heat, the metallic 
vessels employed become negative, but this is a phenomenon 
connected with evaporation, the change of state of a body inde- 
pendent of chemical change, and is to be referred to a different 
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* The change of the capacities of bodies in consequence of the alteration in their 
volumes, or states of existence by heat, is a continually operating source of electrical 
effects; and as I have hinted, page 36, it often interferes with the results of ex- 
periments on the electrical energies of bodies as exhibited by contact. It is like- 
wise probably one of the sources of the capricious results of experiments of friction, 
in which the same body, according as its texture is altered, or its temperature 
changed, assumes different states v/ith regard to another body. Frictiou may be 
considered as a succession of contacts, and the natural energies of bodies would pro- 
bably be accurately exhibited by it, if the unequal excitation of heat or its unequal 
communication to the different surfaces did not interfere by altering unequally theip 
ekctric-al capacities. Of; the elements of flint glass, s ilex is slightly negative with: 
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I mentioned the glass plates of Beccaria as affording a 
parallel to the case of combination in consequence of the dif- 
ferent electrical states of bodies. In Guyton de Morveau's 
experiments on cohesion, the difFerent metals are said to have 
adhered to mercury with a force proportional to their che* 
mical affinities. But the other metals have different electrical 
energies, or different degrees of the same electrical energy 
with regard to this body ; and in all cases of contact of mer- 
cury with another metal, upon a large surface, they ought to 
adhere in consequence of the difference of their electrical 
states, and that with a force proportional to the exaltation of 
those states. Iron, which M. Guyton found slightly adhesive, 
I find exhibits little positive electricity after being laid upon 
a surface of mercury, and then separated. Tin, zinc, and 
copper, which adhere much more strongly, communicate 
higher charges to the condensing electrometer : I have had 
no instrument sufficiently exact to measure the differences: 
but it would seem that the adhesion from the difference of 
electrical states must have operated in thesre experiments,* 
which being proportional to the electrical energies are, on 
the hypothesis before stated, proportional to the chemical 
affinities. How far cohesion in general may be influenced 
or occasioned by this effect of the difference of the electrical 
energies of bodies is a curious question for investigation. 

Many apphcations of the general facts and principles to 

regard to the metals, the soda is positive -, and in contacts of glass with metals I £nd 
it exhibits the excess of the energy of the alkali: the case, as is well known, is the 
same in friction, the amalgam of the common machine is essential to its powerful 

excitation. 

* Amalgamation undoubtedly must have interfered; but the genreal result seems 
to have been distinct. 
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the processes of chemistry, both in art and in nature, will 
readily suggest themselves to the philosophical enquirer. 

They offer very easy methods of separating acid and alka- 
line matter, when they exist in combination, either together or 
separately, in minerals ; and the electrical powers of decom- 
position may be easily employed in animal and vegetable 
analysis. 

A piece of muscular fibre, of two inches long and half an 
inch in diameter, after being electrified by the power of 150 
for five days, became perfectly dry and hard, and left on 
incineration no saline matter. Potash, soda, ammonia, lime, 
and oxide of iron were evolved from it on the negative side, 
and the three common mineral acids and the phosphoric acid, 
were given out on the positive side. 

A laurel leaf treated in the same manner, appeared as if it 
had been exposed to a heat of 500° or 600° Fahrenheit, and 
was brown and parched. Green colouring matter, with resin^ 
alkali, and lime, appeared in the negative vessel : and the 
positive vessel contained a clear fluid, which had the smell 
of peach blossoms ; and which, when neutralized by potash, 
gave a blue-green precipitate to solution of sulphate of iron ; 
so that it contained vegetable prussic acid, 

A small plant of mint, in a state of healthy vegetation, was 
made the medium of connection in the battery, its extremities 
being in contact with pure water ; the process was carried on 
for 10 minutes : potash and lime were found in the negatively 
electrified water, and acid matter in the positively electrified 
water, which occasioned a precipitate in solutions of muriate 
of barytes, nitrate of silver, and muriate of lime. This plant 
recovered after the process : but a similar one, that had beem 
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electrified for four hours with like results, faded and died/^ 
The facts shew that the electrical powers of decomposition 
act even upon living vegetable matter; and there are some 
phsenomena which seem to prove that they operate likewise 
upon living animal systems. When the fingers, after having 
been carefully washed with pure water, are brought in con- 
tact with this fluid in the positive part of the circuit, acid 
matter is rapidly developed, having the characters of a mix- 
ture of muriatic, phosphoric, and sulphuric acids : and if a 
similar trial be made in the negative part, fixed alkaline matter 
is as quickly exhibited. 

The acid and alkaline tastes produced upon the tongue, in 
Galvanic experiments, seem to depend upon the decompo- 
sition of the saline matter contained in the living animal sub- 
stance, and perhaps in the saHva. 

As acid and alkaline substances are capable of being sepa- 
rated from their combinations in living systems by electrical 
powers, there is every reason to beheve that by converse 
methods they may be likewise introduced into the animal 
ceconomy, or made to pass through the animal organs : and 
the same thing may be supposed of metalhc oxides; and 
these ideas ought to lead to some new investigations in 
medicine and physiology. 

It is not improbable that the electrical decomposition of the 
neutral salts in different cases may admit of oeconomical uses. 

* Seeds, I find, when placed in pure water in the positive part of the circuit, ger- 
minate much more rapidly than under common circumstances ; but in the negative 
part of the circuit they do not germinate at all. Without supposing any peculiar 
effects from the different electricities which however may operate, the phaenomenon, 
may be accounted for from the saturation of the water near the positive metallic 
surface with oxygene> and of that near the negative surface with hydrogens 
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Well burned charcoal and plumbago, or cbarcoal and iron, 
might be made the exciting powers ; and such an arrangement 
if erected upon an extensive scale, neutrosaline matter being 
employed in every series, would, there is every reason to 
believe, produce large quantities of acids and alkalies with 
very Httle trouble or expence. 

Ammonia and acids capable of decomposition, undergo che- 
mical change in the Voltaic circuit only when they are in 
very concentrated solution, and in other cases are merely 
carried to their particular points of rest. This fact may in- 
duce us to hope that the new mode of analysis may lead us to 
the discovery of the true elements of bodies, if the materials 
acted on be employed in a certain state of concentration, and 
the electricitv be sufficiently exalted. For if chemical union be 
of the nature which I have ventured to suppose, however 
strong the natural electrical energies of the elements of bodies 
may be, yet there is every probability of a limit to their 
strength: whereas the powers of our artificial instruments 
seem capable of indefinite increase. 

Alterations of electrical equilibrium are continually taking 
place in nature; and it is probable that this influence, in its 
faculties of decomposition and transference, considerably in- 
terferes with the chemical alterations occurring in different 
parts of our system/ 

The electrical appearances which precede earthquakes and 
volcanic eruptions, and which have been described by the 
greater number of observers of these awful events, admit of 
very easy explanation on the principles that have been stated. 

Besides the cases of sudden and violent change, there must 
be constant and tranquil alterations in which electricity is 
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coneeiwed, prodtic^ei in ^^cwis parts of the ielefior strata of 
our globe. 

Where^ P5rritous strata and strata of coal-feiende occur-, 
where the pure met^s or the sulphurets are found in contact 
with each other, or any conducting suhstances, and where 
different strata contain dlferent saline menstrua, electricity 
must be continually manifested ; and it is very probaMe, that 
many mineral formations have been materially influenced, or 
even occasioned by its agencies. 

In an experiment that I made of electrifying a mixed solu- 
tion of muriates of iron, of copper, of tin, and of cobalt, in a 
positive vessel, distilled water being in a negative vessel, all 
the four oxides passed along liie asbestus> and into the ne- 
gative tube, and a yelow mietaiic crust formed on the wre, 
and the oxides arran^d themselves in a mixed; state round 
the base of it. 

In another experiment, in which carbonate of copper was 
diffused through water in a state of minute division, and m 
negative wire placed in a small perforated cube of zeolite in the 
water, green crystals collected round the cube ; the particles 
not being capable of penetrating it. 

By a multiplication of such instances the electrical power 
of transference may be easily conceived to apply to the ex- 
planation of some of the principal and most mysterious facts 
in geology.. 

And by imagining a scale of feeble powers, it would be 
easy to account for the association of the insoluble metallic 
and earthy compounds, containing acids. 

Natural electricity has hitherto been little investigated. 
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except in the case of its evident and powerful concentration 
in the atmosphere. 

Its slow and silent operations in every part of the surface 
will probably be found more immediately and importantly 
connected with the order and oeconomy of nature ; and in- 
vestigations on this subject can hardly fail to enlighten our 
philosophical systems of the earth ; and may possibly place 
new powers within our reach. 



EXPLANATION OF THE FIGURES. 

Plate I. 

Fig. 1, Represents the agate cups, mentioned page 4. 

Fig. 2, Represents the gold cones, page 6. 

Fig. 3, Represents the glass tubes, and their attached appa- 
ratus, page 21. 

Fig. 4, Represents the two glass tubes, with the interme- 
diate vessel, page 22. 

In all the figures AB denote the wires, rendered one posi- 
tively, the other negatively electrical ; and C the connecting 
pieces of moistened amianthus. 
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